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ATAPERED SWEETBACKWING AT MACH

mmsmrwmm o.6mD 1.6

By Eugene D. Schult and E. M. Fields

suMMAliY
\

As a part of the tr&onic research progrsm of the National Advisory
Committee for Aeronautics, the Pilotless Aircraft Research Division has
conducted a free-fli@t tivestigation to determine some effects of spoiler
span, spanwise location, projection, and wing flegibility on the drag and
rolling effectiveness of spoil-s through the Madh nuoiberrsnge between
0.6 and 1.6. The wimgs were swept back 45° along the quarter-chord line, .
had an aspect ratio of k.o, taper ratio of 0.6, and NACA 65Ao06airfoil
sections parallel to the free stream. The solid, sharp-edged spoilers
were located along the 70-percent-chordline. Test results indicated
that the full-spsn spoiler had the highest rolling effactiveness for a
given projection of all configurationsat all speeds tested and that the
inboard half-span spoilers were approxhately twice as effective as the
outboard hd.f-spau S’pOtLerS . The outboard quarter-span spoilers were
not effective as roll-produc~ devices.. The variation of rolling
effectiveness with spoiler projection was nonltiear at stisonic speeds
but be- approximately linear at supersonic speeds. An ticrease in
spoiler span gave more rolling effactiveness per unit drag than did an
ticrease in spoiler projection. A comparison of spoilers and ailerons
at the same rolling effactiveness indicated that the spoiler had lower
wing twisting moments and greater drag than the aileron; however, for
the inboard control the difference in drag between spoilers and ailerons
became ‘smallat supersonic speeds.
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INTRODUCTION
.

The greater wing flexibilities normally associated with the thinner
airfoil sectiorispoint out a basic need for lateral-control devices which
maintati a high level of rollg effectivenesswithout producing adverse
wing twisting moments. Comparative tests of spoiler ~a flap-type con-
trols at traasonic and supersonic speeds (ref. 1) show that spoilers have
considerably smaller aeroelastic losses ti rolling effectiveness than
flap-type controls. In order to obtati more ~ormation on spoiler con-
trols, the Langley Pilotless Aircraft Research Division has conducted
~erimental investigationsto determine the rolling effectiveness and
drag of varfous pla3n-spoiler configurationsat Mach nmnbers between 0.6
to 1.6. Continuous data over the Ma& nuniberrange were obtained with
rocket-propelledtest vehicles h free flight by means of the technique
described in reference 2.

Some effects of spoiler projection, span, and location on roll-
effestiveness and drag we determined for spoilers located along the
70-percent wing-chord U. The wings were swept back 45° along the
quarter-chord line, had an aspect ratio of 4.0, taper ratio of 0.6, and
NACA 65AO06 airfoil sections parallel to the free stream. The effects of
wing torsional flexibili@ on the rolling effectiveness and drag of the
outboard partial-span spoiler, and some drag comparisonsbetween spoiler- ,
and aileron-@pe controls having the same rolling effectiveness are also
ticluaed.

.
SIMBOIS
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aspect ratio, — = 4.0

s

dismeter of circle swept by wing tips, 3.0 ft

area of two wings measured to m“del center line, 2.25 sq ft

exposed area of three wings, 2.W sq ft

local wing chord ~~a parallel to model center ltie, ft

Mach nmber

-c pressure, lb/sq ft

flight-path velocity, ft/sec
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R Reynolds nwnber of tests based
(0.72 ft)

on average exposed wing &ord

P

pb/2V

h

%T

Y

s

m

.

e

(e/m)

h

rolling velocity, positive for
seen from rear, radians/see

right wing moving downward as

wing-tip helix angle, radians
.

local spoiler height above wing, measured normal to wing-chord
plane (spoiler is on upper surface when wing is on right), ft

average wing incidence per wing from three wings, measured in
plane normal to wing-chord plane and parallel to free stresm,
positive if tending to produce positive p, deg

spanwise distance, measured from and normal to model center
line, ft

control span, measured in directioriof y, ft

concentrated couple, applied near wing tip ti plane parallel
to free stream and normal to the wing-chord plane, ft-lb

angle of twist produced by
and measured psrallel to

wing torsional flexibility

wing taper ratio (ratio of
we), 0.6

m at my section along wing span
plane of m, radians

parameter, radians/ft-lb

tip chord to chord at model center

ND

Subscripts:

i inboard when used

deflection of aileron, measured normal to hinge line, deg

.
Drag

drag coefficient, —
qs‘

incremental drag coefficient of three spoilers (one per wing)

iu conjunction with control spau

R rigid-wing data

F flexible-wing data

. . .—-.— .—— — 8..— — -.— _ — .. —.- _- ..—.
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MODELS AND TECHNIQUE

A typical three-wbged test vehicle of the type used in the present
investigation is illustrated in the photograph presented as figure 1.
The wings were swept back 45° along the quarter-chord linej had an aspect
ratio of 4.Oj taper ratio of O.6j and NACA 65AO06 airfoil sections paral- ‘
lel to the free stresm. The geometric characteristicsof the test con- “
figurations are given in table I and in figure 2. The spoilers were
located along the 70-percent-chordline of each wbg and had projections
of 2-percent and >percent chord. In order to determine some effects of
wing flexibili~ on the rolltig effectiveness and drag, three clifferent

wing stiffnesses were tested in conjunction with the outboard O.4* - span

spoiler (fig. 2). Measured values of the variation with span of the wing
torsional flegibility-parameter 0/m are plotted in figure 3.

The flight tests were made at the Pilotless Aticraft Research
Station at Wallops Island$ Va. A two-stage rocket-propulsion system
propelled the models to a maximm llachnumber of approximately 1.6.
During approximately 12 seconds of coasting flight following propellant
burnout> t~-history measurements were made of the flight-path velocity
with a CW Doppler radar set and of rolling velocity with special radio
equipumt. These data> h conjunction with atmospheric data obtatied
with radiosondesj petit the evaluation of the drag coefficient CD

and rolling effectivenessparameter (pb/2V)F as a fuuction of llach,

nuuikr. Reference 2 gives a more complete description of the flight-
testtig technique.

The Reynolds nuuiberbased on average wing chord varied from approx-

imately 2 x 106 to 8 x 106 over the Mach gnmber mmge, and the maximum
variation of dynamic pressure for all configurationsat a given Mach
nmikr was of the order of *7O pounds per square foot from the mean
(fig. 4).

ACCURACY AND CORRECTIONS

From previous experience and mathematical analysis, the ~~eri-
mental uncertainties in the test variables are believed to be tith~ .
the followlng Limits:

J~GONFWIAL -
L.--....... ---
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.. 9ibsonic Supersonic

M . . . . . . . . . . . . . . . . . . . .. 000 .*().()10 *O. 0051,, c~ . . . . . . . . . . . . . . . . . . . . . . . . . ** ()()3 *• ()()2

(pb/2V)F . . . . . . . . . . . . . . . ... . . . . t.003 ~.()~

The sensitivity of the exper-tal technique is such that mail.
irregularities in the variation of pb/2V with Mach numbermin the order
of one-half the magnitude shown above> howeverj may be detected. The
maximum uncertainties ~ the determination of iw and h/c are M. 05°
and *O.001, respectively.

All (pb/2V)F values presented herein have been corrected for the

effects of wing incidence due to construction tolerances (see table I)
by the method outltied in reference 3. ‘

RESUITS AND DISCUSSION

r

,.

f!

The results of this investigation are presented in figures 5 to 13.
me basic-data pkts of test vehicle total d?.’agcoeffici=t CD _

flexible wing rolling effectiveness (pb/2V)F are presented in figure 5

for various plain-spoiler controls with projections of 2 percent and
5 percent of the local wing chord. All models had wings of the same
stiffness characteristicsexcept models 7 and 8 which had reduced wing
stiffnesses.

.

Rolling Effectiveness

Effect of wing flexibility.- Figure 5(b) shows some effects of whg
flexibility on the rolling effectiveness for the outboard half-span
spoiler. From these data the fraction of rigid-w& rolllng effective-
ness retained by a flexible wing of type ‘lA’;construction was calcdated
by the method of reference 1 and is shown in figure 6 along with data
for an aileron-equippedwing of the same construction..Figure 6 shows
that the percent of rigid-wing rolling effectiveness lost for the spoiler
Mn,g is less than one-half that of the aileron tig for the same wing
stiffness and approximately the same pb/2V at M >1.1. Since this
loss is due primarily to the wing twisting moment ti the free-streem
d3rection (ref. 1)$ the wing .twisttigmcunentfor the spoiler is less
than one-half that for the aileron. When cmpared with the rigid wing,
the effectiveness of the spoiler-equippedflexible wing was about
10 percent higher at M = 0.6 and 10 percent lower at M = 1.6; this

-’
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chsage in the sign of the wing twisting moments
through the transonic region.

Effect of spoiler span.- Figure 5 shows that, for a given spoiler
projection and wing stiffness, the highest rolling effectiveness is
obtained for the full-span spoilers over the Mach nuniberrange tested
and that the idmard half-span spoiler has approximately twice the
rolling effectiveness of the outboard half-spsn spoiler. The trend
tuward low or reversed rolling effactiveness for the outboard spoiler ..

elements can be seen in figure 7 where rolling effectiveness is plotted----””-
as a function of outboard-spoiler span at various Mach nwnbers. These
results show that tie rolling effectiveness decreases almost ltnearly
with decreasing outboard-spoiler span exce t near the wing tip where

Lthe short-span spoilers gave reversed roll effectiveness at subsonic
speeds and very low positive effactiveness at supersonic speeds. A
tendency toward roll reversal was previously Observed at stisonic speeds
for unswept w5ngs in free-flight tests of full-span spoilers havdng

~ -percent-chord projection (ref. 4) and also in full-scale flight tests

of outboard part-span spoilers at small projections (ref. 5). This
tendency toward roll reversal for low spoiler projections at subsonic
speeds may be due to an effective csnhring of the wing caused by
spoiler projections that do not extend beyond the boundary layer
(ref. 5). Figure 7 shows that the rollinn effectiveness reversal for
the present tests varies with both spoiler span and spoiler projection
and occurs over a decreasing outboard spoiler span as either the Mach
number or the spoiler projection is increased..

The rolling effectiveness of an ixiboardspoiler was estimated from
the data of figures 5 and 7, and a comparison with measured values is
presented in figure 8. The method of conibiningthe effectiveness of
individual control seets into a single spanwise influence curve,
although not generally applicable for spoilers at subsonic speeds, as
indicatedby figure 8 and references 6 and 7, gave good results at
transonic speeds and fair results at supersonic’speeds for the spoilers.
Tests with an aileron control (ref. 8) show good agreement throughout
the Mach nrmhr range when a comparison is made between the rolling
effectiveness values as measured and as estimated‘froma single span-
wise influence curve.

Effect of spoiler projection.- Figure 9 shows the effect of spoiler
height on the rolling effectimness at various Mach nwibers for each
configurationtested. At high subsonic and transonic speeds the rolling
effactiveness of all configurations is shown to change with spoiler
height in a nonlinear farihion. There is a general decrease in the rate
of change of rolltng effectiveness with spoiler height at the higher
projections except for the outboard quarter-span spoiler. As the Mach
nrmiberis increased between M x 1.1 and M % 1.5, the results indicate

.

“
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that the rolling effectiveness variation with spoiler pro~ection becmes
more nearly linear for all configurations tested.

Drag
L

Effect of wing flexibility.- Figure ~(b) shows negligible variations
in test-vehicle total drag coefficient for the outboard half-span spoiler
when the wing torsional dxlffness is reducedby a factor of approxhately
2.5.

Effect of spoiler span.- In fi~e 10 some effects of Mach number
and outboard spoiler span on the incremental drag coefficient ND are

presented for spoiler projections of 2-percent and 5-percent chord. The
ACD values were obtainedby stitracting the total drag of a test vehicle

without spoilers from the total drag of the test vehicles with spoilers.
The total drag of the test vehicle without spoilers .(fig.5) maybe con-
sidered to be essentially the same as zero-roll drag, since the tiduced-
drag effects of the preset 1.4° incidence were decreased when the model
was free to roll and are believed to be mall. Thus, the ticremental
drag coefficient ND represents primarily the drag due ‘totie addition

of the spoilers (one per wing) plus an induced drag component due to the
net lift distributionwhich exists over the rolling wing. The difference
in drag coefficient associated with the slight difference in flexibility
between the solid dural~ wings (ref. 8)and type “A” wings of the
present tests is believed to be small.. Results in figure 10 indicate a
general decrease in incremental spoiler drag increment with increase h
Mach number and showan almost linear increase of spoiler drag increment
with increasing span of outboard spoilers over the Mach nuniberrange
tested. In figure 11, the incremental spoiler drag coefficient ND

is plotted against spoiler height for all spoiler configurationsand
results show that, for a given spoiler projection, the drag of the full-
span spoiler is slightly less than the sum of the drag values of its
inboard and outboard components measured individually at allllach nunibers
tested.

Effect of spoiler projection.- At subsonic speeds, figure XL shows
that ND increases almost linearly with increased spoiler projection

for all spoiler configurations tested. At transonic and supersonic
speeds the variation of ND with spoiler height r_iRs linear fOr

the outboard spoiler segments but becomes nonlinear for the inboard
and full-span spoilers. Slight additional drag increases are noted

at ~ % 0.05 for the inboard spoilers and for the inboard elements of

the full-span spoiler (fig. 10) at transonic and supersonic speeds.
,

9’
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Drag Comparison for spoiler and afieron.- The comparative drag
between spoiler and aileron configurationshaving the same rolling
effectiveness iB presented as a function of ~ch nuuiberin figUe ~.
The roll.ing-~ffectivenessdata for the 0.3-chord aileron deflected 5°
are taken from reference 8, and the drag data for the aileron configu-
rations are unpublished. The drag values for the spoiler cotiigurations”
were obtained from the present test results by plotting (pb/ZV)F against

cl) at constantMach nmber smd interpolating for CD -at the desired

(pb/~)F. Figure 12 shows that the spoiler has more drag than the

aileron for the same rollg effectiveness,but this clifference becomes
small at supersonic speeds especially for the inboard half-span.control.

Variation of Rolling Effestiveness With Spoiler Drag

Figure 13presents the rolling effectiveness data of each spoiler
configurationplotted against the incremental sp-oiler-dragcoeffi-
ci~t ND.

The solid’curves of figure 13 represent constant-span spoilers’
with varying projections and the broken curves represent gonstant-
projection spoilers tith varying outboard spans. The curves were
faired between test points by utilizing values from the faired curves
of figures 7, 9, 10, and H.. The results show that, for the same ~D)

the full-span spoiler maintained the highest rolling effectiveness of
all configurationstested up.to a Mach nuuiberof appro-tely 1.5
where the Moard haM-span spoiler became the most effective per unit
drag. For a given drag increment the solid curves indicate that the
inboard half-span spoiler produced almost twice the rolling effective-
ness of an outboard half-span spoiler at all Mach nuuibers. In the
trsasonic region, the variation of rolling effectivenesswith drag in

figure 13 indicates that, for ~ >0.05, increases in spoiler height will

probably result in relatively large drag increases but small rolling
effectiveness increases. The dab of figure 13 also indicate that a
spoiler of low projection and large span would have less drag for the
same rolling effectiveness than a short-span spoiler of large projection.

CONCLUSIONS

A free-flight investi~tion emplo@ng the rocket-model technique

,
.

was made over the MELChnumber range from 0.6 to 1.6 to determine some

k
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effects of spoiler Spari,spp,nwiselocation and projection, and tig flexi-
bility on the rolling effectiveness and drag of plain spoilers located
along the 70-percent-chordline. SpoilerB with projections of 2-percent
and >percent chord were tested. The Idngs were swept back 45° along
the quarter chord, had an aspect ratio of 4.0, taper ratio of 0.6, and
NACA 6ZO06 airfoil sections. From the results of these tests the
following conclusions have been drawn:

1. The full-span spoiler had the highest rolling effectiveness
for a given projection of all configurationsat all speeds tested.

2. For the same projection in percent chord, the idmardhalf-
span spoiler had about twice the rolling effectiveness of the outboard
half-span spoiler. Quarter-span spoilers at the w5ng tip had loweffec-
tiveness at supersonic speeds and reversed effectiveness at subsonic
speeds. .

3. The variation of rolling effectiveness with spoiler projection
was generally linear at supersonic speeds but nonlinear at subsonic and
transonic speeds.

4. For a given drag increment, the full-span spoiler had the
largest rolling effectiveness at all speeds below M x 1.5; at this
speed the inboard half-span spoiler had the largest rolling effec-
tiveness per unit drag. Increases in spoiler span gave more rolling
effectivenessper unit drag than did increases in spoiler projection.

5. A comparison of spoilers and-ailerons at the sane rolJ_ing
“effectivenessindicated that the spoiler had lower Mng twisting
moments but greater drag than the aileron; however, the drag differ-
ence between spoilers and ailerons became mall at supersonic speeds
for the inboard half-span control.

Iangley Aeronautical Laboratory,
National Adtisory Committee for Aeronautics,

Ian@eyField, Va.

n
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TABLE Z

ctW76URA7MIVaf TESTED .

.
Wing~ h/c J$? q)

wdel y/” 90/’

I 0.?40 /,0(? (w? -m4 A

z ./40 ).00 ,05 ,/0 /4

3 ‘ .140 0.57 ,02 :06 A

4 .140 a 57 .05 -.06 A

.5 .570 1.00 .02 -.04 A,

6 .570 1.00 ●O5 -.02 A

7 .570 1.00 .05 .02 B

8 .-’ I*OO .05 -.05 c’

9 .785 1.00 .02 -.03 A’

/0 .78Y /.00 .05 -. 4/ A

.

.
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Figure 1.- Typical test vehicle (three wings).
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Wing Detuj/s

Aspecf rafio ___ _ ___– ––4.0

Tapekraiio _________O.6

Section (free strewn)_ __65ALW6

Area oneU@ fo center/)he_/62sqh
Chord at cenfer/iie _ __/ L24 ifl..

d25in ffircrdi mkef

7

A

———— ———
—

/
~ 3 wings, spaced at in+frbfu}s

of /20°arounci body.

L ~ Spruce

‘L

Wing A .040 stee}
./...5dura/ stiffener [#/ay Wing B .0/0Std

ing c .016 duml

Iypicd
-s ecfion A-A

Figure 2.- Geometric details of test vehicle. All dimensions are
M inches.
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8

6

4

z

o

M-4

/[ / .

y“ng
, /

L

/
(

/

I /

I T

.42 .4 .6 .8 10

.

Figure 3.-Variation of wing torsional flegibility parsmeter with wing
span. Couple applied near wing tip in a plane parallel to body sxls
and normal to wing-chord plane.
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/
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0
.4 .6 .8 Lo 12 /4 46

M

Figure k.-Variation of test Reynolds nuniberand dynsmic pressure with
Mach nuuiber. Reynolds number based upon average wing &ord of 0.72 foot.
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./4 Modej Sjg Wing
1 0.86 A

./.. - _—— —- 3 043 A
—-— 5 0.43 A

Jo -
—— — 9 0.215 A

.08— — — —

1.06 - —
@@dF /

.04- d /
A- -.- —- -+=

‘N N

.02-
N<

*_ - - \
A

.
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+ _
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.— - —— -

f— —-
- - —’ -

-.02‘
.4 .6 .8 L?

(a) .:= 0.02.

Fi@re 5.- Variation of”total drag coefficient and rolling effectiveness
with Mach number for various spoilers located at the 70-percent-chord
line. i~ = o.

.

— —.—.. —- .



MACA RM L~~06a 17

.08

/—.
.06— - . . . ‘1 ~-.

———.—- ---
.04 ––_ ~– ~:_

— - _- -- . .— --

.02 //-- -- L- 40 cLw7n?/3

o (u;;;;.%(j
MOd&?’ s/{ wing

./6
I

—2 Q86
—— ___ 4 0.43 :
—- _ 6 C?43 A./4 (243 e

./2 ——- /0 QZL5 A

Jo

08 I
/bb@ / /

F
.06 _/. ~’ ~<- _.— ———._ .

‘1
.04

—---- -.
.02—- =

0 ~ -

702,
10 E’ L4 1.6

.4 .6 .8

(b)

Figure

M

h– = 0.05.
c

5.- Concluded.

.—-. .. —.-_ —___ —~



I

M

Figure 6.- Variation with lhch nmiber of the fraction of rigid-wing

rolJ3ng effectiveness retained by either spoilers or ailerons on

flexWLe wing A. Afleqm data frcun reference 8; both controlE

had approdmately the mm pb/2V at M >1.1.
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. Figure 7.- Rolling effectiveness as a function of outboard spoiler span
at constant Mach nmiber and for both projections tested. Type Awing
structure.
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Figure 13.- Continued.
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